To deal with the time-consuming problem in the fractal coding, a novel method based on the region competition strategy is introduced to improve the speed of fractal coding effectively. This strategy adopted can discover the optimal affine matching block and the optimal affine transformation of each range block, improving some affine ones with bigger error. Experiments on still life image, fractal image and remote sensing image show that the proposed scheme reduces the compression time and obtains the approximate reconstruction fidelity while it has the same compression ratios as that of adaptive quad-tree partitioned fractal coding.
INTRODUCTION
Fractal is an irregular, chaotic and complex geometric set with strong self-similarity between the local and the whole. Among the characteristics of fractal, Self-similarity is great important and helpful for image compression .Then fractal becomes an alternative image coding technique and recently has been paid much attention to.
Fractal coding, introduced firstly by Barnsley et al in 1987, is the product of the study of iterated function systems. It has the advantage of very fast decompression as well as the promise of potentially very high compression ratios. Now it not only reduces the image redundancy independently but also has been adopted into some other image compression methods, forming hybrid compression methods 4, 5, 6, 7, 8 .
For example, Hu et al 8 introduced a fractal-based image compression algorithm under DWT for hyperspectral image .Noting that the third generation image compression algorithm -fractal image compression is superior to traditional compression methods with high compression ration and good image fidelity. This combination of Fractal geometry and Image compression has provided a system of compression that holds promise for future hyperspectral remote sensing and computing applications. Kim et al 7 proposed a hybrid fractal zerotree wavelet (FZW) image coding algorithm. In addition to having improved compression performance, this proposed algorithm also remained desirable properties from both types of coders, including progressive transmission, the zerotree structure, and range-domain block decoding.
Although fractal coding has been in wide use, its disadvantages of time-consuming coding and distortion in decoded image affect its further practical application. Therefore, with fractal coding time-consuming, this paper presents a refinement algorithm on the basis of adaptive quad-tree partitioned fractal coding. By the region competition strategy proposed, the compression time is reduced effectively. This paper is organized as follows. The adaptive quad-tree partitioned fractal coding is reviewed in Section 2; Section 3 presents the proposed fractal coding; Section 4 and 5 present the experimental results and conclusion, respectively.
ADAPTIVE QUAD-TREE PARTITIONED FRACTAL CODING
The partitioned iterated function system (PIFS), contracted affine transformation and collage theorem are three theory foundations of fractal coding, detailed specifications are introduced in 9 . The fractal coding was firstly produced by Barnsley in 1987. With its high compression ratios and fast decompression, this method is used widely. However, this method is also time-consuming during its block searching and blocks matching process. Later, Fisher and Jacquin introduced adaptive quad-tree partitioned fractal coding 9 able to reduce the block searching time. However, the block matching process is still time-consuming. Generally, the block matching process consists of two aspects, searching the optimal matching domain block and searching the optimal affine matching block .Presently, the former is paid much attention to and the latter little in this field of image coding. And the improvement on the latter is proposed in this paper.
In adaptive quad-tree partitioned fractal coding, eight affine transformations are used to the mean block of a domain block, the self-similar parameters and the matching error should be computed by least square method in every affine transformation. After eight-time computation and comparison, the optimal affine transformation and the corresponding coding parameters can only be attained. Accordingly, searching the optimal affine matching block increases the compression complexity. Therefore it is necessary, an introduction of a new method to reduce the computational time.
QUAD-TREE PARTITIONED FRACTAL CODING BASED ON THE REGION COMPETITION STRATEGY
Region competition strategy can be described as followings. eight affine blocks are obtained by average-sampling the domain block of the range block and eight affine transformations. computing the standard deviation of each affine block respectively and subtracting that of the range block, the affine block with the least absolute value is selected as the optional affine matching one.
In our proposed method, the optimal affine matching block is obtained by an introduction of the region competition strategy. Accordingly, the time required in our method is only an eighth that of adaptive quad-tree fractal coding for the computation of the self-similar parameters and the matching error. With the same block size and given error, the storage coding parameters are the same as that of adaptive quad-tree fractal coding, and therefore under the same compression ratio, the proposed scheme not only accelerates fractal coding but also maintains the identical reconstruction quality as that of adaptive quad-tree fractal coding.
We define E t as acceptable error, , R min and R max are the minimal and the maximal exponent of the range block size, respectively. Main compression steps are as follows.
Step 1: initially, the original image f will be divided into 4 non-overlapping range blocks as initial segmentation. The size of every range block is 2
Rmax

×2
Rmax ,Each range block is represented by the top left corner coordinate, defined as (K, L).
Step 2: computing the variance of each range block. Then take the block D, whose size is twice as great as that of the range block, as the father block of that range block. A block defined as AF with the same size of the range block is obtained by average-sampling the block D.
Step 3: using the region competition strategy to discover the optimal affine matching block LP. Compute the Root Mean Square (RMS) error 10 between the range block and LP. If RMS error is less than E t , accordingly matching is successful, writing down the coding parameters, go to step 5.
Step 4: while the RMS error is not less than E t ⑴ If the exponent of the range block size is still greater than R min, divide the range block into 4,go to Step 2 ;Otherwise go to Step 5. ⑵ If the exponent of the range block size is equal to R min,, improving the optimal affine matching block LP 3 .
After that, make a note of the coding parameters, go to Step 5.
Step 5: if there are some other range blocks need to be processed, go to Step 2; otherwise, coding is completed.
EXPERIMENTAL RESULTS
In experiments, we use the Pentium IV 2.4 GHz PC to test our method. The operating system is Windows 2000 XP and the programming language is Visual C++ 6.0.Four gray images with 256x256 pixels as testing data, which are a still life image, a fractal one and two remote sensing ones respectively. Table 1 shows the main results of the proposed method in comparison to adaptive quad-tree partitioned fractal coding on the still life image and one remote sensing image. As shown in the fifth column and the last column, the CT of the proposed method is less than that of adaptive quad-tree partitioned fractal coding with their PSNR identical.
AQPC: adaptive quad-tree partitioned fractal coding RCSC: quad-tree partitioned fractal coding based the region competition strategy, which is the proposed method CR: compression ratio CT: compression time Table 2 shows PSNR values of three types of decoding images compressed by the proposed method with 4 fixed compression ratios. Obviously, the PSNR values of the fractal image are greatest at different compression ratios. Figure. 1 gives the CT comparison of AQPC and RCSC on fractal image. We choose six CT under the same CR as demonstration. In this figure, rate and time denote the CR and CT, respectively. Six knee points on the segment are experimental data. New and original represent the time-compression section of RCSC and AQPC, respectively .Obviously, the CT of RCSC is less than that of AQPC. The same conclusion on the remote sensing image can be obtained from figure. The decoding images of the two methods on three types of images are shown in Figure. 6-11. In conclusion, three significant results are presented in our experiments:
⑴ with the equivalent CR, the CT of the proposed method is significantly reduced than that of adaptive quad-tree partitioned fractal coding no matter how the divided block size is and which kind the image is, the maximum reduction of CT can obtain 12 seconds.
⑵ if the run environment and the image type are same, then the qualities of the decoding images with same least block size of the two methods are almost identical. However, when the least block size is smaller, the image quality will be better. Contrarily, if the least block size is more and more big, the block effect will be produced, this can be seen in decoding images.
⑶ from table 2, we can see that fractal coding is more suitable to compress those images which have better selfsimilarities .For remote sensing images, fractal coding is also helpful for compression but the decoding quality is not perfect.
CONCLUSION
In this paper, the speed of the compression is improved greatly by introducing the region competition strategy into fractal coding. Experimental results suggest its validity that the speedup of the compression can be guaranteed effectively. Therefore, a combination of our proposed method with other methods such as wavelet transform deserves further research.
